Four granular fertilisers were produced from industrial waste products, such as CaSO 4 • 2H 2 O and FeSO 4 • 7H 2 O, coniferous and deciduous sawdust mixture and municipal sewage sludge with addition of mineral fertilisers. Based on the content of organic matter, nitrogen, phosphorus and potassium and heavy metals, these granular fertilisers can be included into the group of organic-mineral fertilisers. In order to determine their manurial value, a vegetation experiment was carried out with these granular fertilisers in which spring rape and spring triticale were the test plants. The 
INTRODUCTION
A reduced production of natural fertilisers, increase in the area of crops being intended for energy purposes, large area (below 50%) of the arable land with acidic and very acidic soil reaction as well as high prices for raw materials and mineral fertilisers being produced from them, may lead to the imbalance in organic matter and nutrients for cultivated plants. In the long term, soil fertility and yielding potential may be decreased. Moreover, environment protection measures and changes in the range of fertilisers from single-component fertilisers to multi-component ones may induce a decrease in the content of some nutrients for plants in soil. For example, reduction of sulphur emissions to the atmosphere by factory-installed emitters and decrease in the production of fertilisers such as single super-phosphate and ammonium sulphate containing large quantities of sulphur induced its defi cit in the soils of Poland
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. From among all agrotechnical measures, fertilisation determines the size and chemical composition of cultivated plants in 40 to 60%. The chemical composition of cultivated plants is one of the main parameters showing the yield quality. Therefore, fertilisers should be applied in optimum doses and times and appropriate forms to obtain economically justifi ed crop yields of good quality 3-4 . Considering this situation, the studies have been started to obtain new, cheap and safe sources of organic matter and nutrients for plants. Attention has been paid to the possibility of using some industrial and municipal wastes for fertilisation purposes. Many wastes contain organic matter and nutrients for plants; however, there can be different pollutants in them and their sanitary condition can raise reservations. These wastes in the raw state not always conform to the standards allowing them to be used for fertilisation and land reclamation purposes
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. Therefore, municipal and industrial wastes should be subject to physical, chemical and microbiological analyses before being intended for using them in soil fertilisation or land reclamation.
The study aimed at elaborating 4 fertiliser blend formulations with municipal sewage sludge, waste products produced at the Chemical Plant S.A. Police (i.e. calcium sulphate(VI) dihydrate and iron(II) sulphate(VI) heptahydrate from the production of multi-compound mineral fertilisers and titanium dioxide, respectively) and a coniferous and deciduous sawdust mixture with a 60% addition of ammonium phosphate, urea and potassium salt. The manufactured granular fertilisers were tested in a vegetation experiment in order to determine the crop yield of test plants and some of their qualitative traits.
MATERIAL AND METHODS
In late 2010 to early 2011, 4 fertiliser blend formulations were elaborated and then subjected to the granulation process. For granulation, 2.0 kg of each fertiliser blends were prepared. The fertiliser blends prepared were left for 24 h to react. Then, they were dried at 80-90°C. After drying, their moisture content was 6-10%. The obtained sinters were ground to powdery form. Sodium lignosulphonate, in the amount of 2.0% in relation to the weight of fertiliser blends, was added to each obtained powdery forms as a granulation-accelerating agent. The granulation of fertiliser blends was carried out at the Chemical Plant Fosfan S.A. in Szczecin. The material composition of respective fertiliser blends, after conversion to dry matter (DM) is presented in Table 1 6 . The physical and chemical properties of granulated fertiliser blends (granular fertilisers) are presented in Table 2 . The detailed characteristic of the chemical properties of these granular fertilisers can be found elsewhere 6 . Microbiological examinations carried out by the Municipal Sewage Treatment Plant in Stargard Szczeciński showed that the municipal sewage sludge being taken for manufacturing of these granular fertilisers did not contain any live eggs of gastrointestinal parasites (Ascaris sp., Trichulis sp., Toxsocara sp.) or bacteria of the genus Salmonella and therefore it could have been used for fertilisation purposes.
The pot vegetation experiment was carried out in the plant house of the West Pomeranian University of Technology, Szczecin in 2011. In the study, a soil material with the granulometric composition of heavy loamy sand, being classifi ed into the rye complex of the soil quality class IV b , was used. The soil material being used in the study had a slightly acidic reaction (pH 6.0). The content of plant-available phosphorus, potassium and magnesium forms was average. It amounted to 60.9, 121 and 42.5 mg • kg -1 D.M., respectively. The S-SO 3 content was low (10.2 mg). The total content of heavy metals in the soil material did not exceed the standards specifi ed in the Regulation of the Minister of Environment 7 . The pot vegetation experiment was carried out with two test plants: spring rape of the cultivar Larissa and spring triticale of the cultivar Milikaro, following the same fertilisation scheme.
The design of this vegetation experiment included two factors. The type of granular fertilisers was the fi rst factor, while their increasing doses (3 doses) were the second one. The design of this vegetation experiment included two factors. The type of granular fertilisers was the fi rst factor, while their increasing doses (3 doses) were the second one. Each experimental treatment was carried out in four replications.
The soil material being collected at the Experimental Station of the West Pomeranian University of Technology, Szczecin was sieved through a 5 mm mesh to remove impurities (stones, gravel, plant residues). Next, it was transferred to pots, 9 kg in each. The number of pots corresponded to that of fertilisation objects in four replications. The size of granular fertiliser doses was determined based on their nitrogen content. A single dose corresponded to 0.5 g N/pot, a doubled dose to 1.0 g N/pot, while a tripled dose to 1.5 g N/pot.
The calculated granular fertiliser doses were introduced into the soil material in pots on 15.04.2011 and mixed together to the depth of 5-7 cm. After 5 days, a multicomponent fertiliser Polifoska PK (20% P 2 O 5 and 32% K 2 O) was introduced into all pots with the soil material at a dose of 0.6 g/pot. After three days, 20 seeds of spring rape of the cultivar Larissa and 20 kernels of spring triticale of the cultivar Milikaro per each pot were sown. The rape seeds and triticale kernels were covered with a 1-2 cm layer of quartz sand. The pots were placed under a foil roof to maintain a constant humidity of the soil material at a level of 60% of full water capacity during the study. The soil material and test plants were sprinkled with distilled water. When the test plants reached a height of 10 cm, their selection was performed, leaving 5 plants in each pot. Five weeks after the emergence of spring rape and at the stage of spring triticale shooting, a nitrogen top dressing was applied in the form of foliar aqueous urea solution, 0.276 g N/pot. At the time when the test plants reached their production maturity, they were harvested, their crop yield was determined, and the samples for laboratory analyses were collected. The averaged samples of spring rape seeds and spring triticale grains were made and then subjected to 
production maturity, they were harvested, their crop yield was determined, and the samples for laboratory analyses were collected. The samples of test plants collected were dried and then ground. The samples from respective replications for a given fertilisation treatment were combined, creating averaged samples. The averaged samples were subjected to chemical analyses, which were repeated twice.
The content of macroelements in both test plants was determined in average samples of each fertilisation object. The nitrogen content was determined with the Kjeldahl method according the Polish standard
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, the phosphorus content with the colorimetric method according to Barton, while that of sulphur by the nefelometricmethod (Perkin Elmer Lambda EZ 150 spectrometer). The potassium, magnesium and calcium contents were determined with atomic absorption spectrometry, using a Perkin Elmer AAS 300 spectrometer. The stock solution was obtained after the wet mineralisation of the plant material according to the Polish standards 9-10 . Results for the crop yields and the macroelement contents in spring rape seeds and spring triticale grains were analysed with two-way analysis of variances in completely randomised design, using a double interaction. Confi dence half-intervals were calculated for p = 0.05, using the Tukeya test.
RESULTS
The crop yields of spring rape seeds and spring triticale grains obtained after treatment with the prepared granular fertilisers are presented in Tables 3 and 4 . The granular fertilisers signifi cantly affected an increase in the yields of spring rape seeds and spring triticale grains when compared to the control objects (Tables 3 and 4 ). The highest yield of spring rape seeds and spring triticale grains was observed after treatment with the granular fertiliser No. 2, composed of municipal sewage sludge (50%), iron (II) sulphate (VI) heptahydrate (30%), urea (10%) and potassium salt (10%), and next by the granular fertiliser No. 4 These data show that higher crop yields are obtained with a higher percentage of municipal sewage sludge (50%) in the composition of granular fertilisers. The obtained results fi nd their confi rmation in the studies by many authors who observed that municipal sewage sludge and composts produced with it affected an increase in the crop yields as well as improved their qualitative traits
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. Signifi cantly higher yields of the test plants were obtained as affected by granular fertilisers with FeSO 4 • 7H 2 O in their composition when compared to calcium sulphate(VI) dihydrate.
The increasing doses of granular fertilisers significantly augmented the yields of test plants. The highest yields of spring rape seeds and spring triticale grains were obtained on a tripled dose of granular fertilisers (Tables 3 and 4 ). The highest yield of spring rape seeds was observed after treatment with the granular fertiliser No. 2 at a tripled dose. He was higher by 18.8% when compared to that with the granular fertiliser No. 3 (Table 3). On the other hand, the highest yield of spring triticale grains was recorded in the fertilisation objects with the granular fertilisers Nos. 2 and 4, applied also at a tripled dose; it was higher by 15.1% when compared to the granular fertiliser No. 3. This is connected with the increased quantities of nutrients being introduced into soil together with the increasing doses of granular fertilisers (Tables 3 and 4) . The nitrogen, phosphorus, potassium, calcium, magnesium and sulphur contents in spring rape seeds and spring triticale grains in the control objects were significantly lower when compared to the fertilisation objects where the granular fertilisers were applied (Tables 5, 6 , 7 and 8). In spring rape seeds, the nitrogen, phosphorus, potassium, calcium, magnesium and sulphur contents were lower than the average ones given by Panak 30 . In spring triticale grains, the nitrogen, calcium and sulphur contents were higher than the average ones, while the phosphorus, potassium, and magnesium contents were similar to the average ones 30 . More nitrogen, phosphorus, potassium, magnesium and sulphur was contained by the spring rape seed from the fertilisation objects where the granular fertilisers No. 2 and No. 4, composed of municipal sewage sludge Table 7 . Nitrogen, phosphorus and potassium contents in spring triticale grains being obtained after treatment with the granular fertilisers in 2011. Data given in g • kg -1 D.M. 4 • 7H 2 O, these differences were proved to be statistically non-signifi cant.
The increasing doses of granular fertilisers augmented the nitrogen, phosphorus, potassium, calcium, magnesium and sulphur contents in spring rape seeds and spring triticale grains. However, differences in the macroelement contents in the test plants between respective levels of the applied granular fertilisers are not always signifi cant.
The content of nitrogen and potassium in spring rape seeds and that of sulphur in spring triticale grains were signifi cantly higher on a tripled dose of granular fertilisers when compared to doubled doses. The content of phosphorus, calcium, magnesium and sulphur in spring rape seeds and that of nitrogen, phosphorus, potassium, calcium and magnesium in spring triticale grains between the second and the third level of fertilisation with the granular fertilisers produced did not differ signifi cantly. It can be concluded that doubled doses of the granular fertilisers were optimum ones in majority of the fertilisation objects in respect of their effect on development of the macroelement contents in the test plants.
CONCLUSIONS
The granular fertilisers produced from industrial waste with calcium sulphate(VI) dihydrate, iron(II) sulphate(VI) heptahydrate, coniferous and deciduous sawdust mixture and municipal sewage sludge increased signifi cantly the yield of test plants and their content of macroelements when compared to the control objects.
The crop yields and the content of macroelements in the test plants depended largely on the quantity of nutrients being introduced into the soil material together with granular fertilisers.
Introduction of iron(II) sulphate(VI) heptahydrate into the granular fertilisers increased signifi cantly the yield of spring rape seeds and spring triticale grains when compared to the granular fertilisers containing calcium sulphate(VI) dihydrate.
The granular fertilisers containing CaSO 4 • 2H 2 O increased signifi cantly the P, Ca and S contents in the test plants when compared to those containing FeSO 4 • 7H 2 O.
The increasing doses of granular fertilisers augmented the yields of test plants and their content of macroelements. However, the differences are not always signifi cant.
